A study was conducted to determine the effect of dietary inclusion of discarded cabbage (DC) on the intake and growth performance of lambs. Diets containing 0 (control, DC0), 100 g DC/kg (DC100), 150 g DC/kg (DC150) and 200 g DC/kg (DC200) were fed ad libitum to 36 South African Dorper lambs (22.0 ± 1.3 kg live weight). The dry matter intake (DMI) and lamb growth performance was reduced as the level of cabbage in the diet increased. The feed conversion rate of lambs was negatively affected by inclusion of cabbage in the diet. Diets containing cabbage had a lower DM, OM and aNDF digestibility compared with the control. Nitrogen intake and retention was lower in lambs fed diets containing cabbage. Discarded cabbage can be included in finishing diets for lambs but reduced animal performance can be expected.
Introduction
Availability of high-quality feeds is a major constraint for improved livestock productivity under resource-poor livestock production systems in South Africa (Nkosi & Meeske, 2010) . In combination with the unaffordable feed costs in this country, resource-poor farmers are resorting to whatever resource is available to feed their animals. It is therefore important to find affordable alternative feed sources that can be fed to livestock to improve production. Fortunately, this country is endowed with vegetable and fruit by-products that i) derive from processing food for human consumption; ii) are discarded for human food consumption because of poor quality; and iii) are damaged during harvest (Gertenbach & Dugmore, 2004; Angulo et al., 2012) , which can be used for animal feeding. These by-products are important sources of supplementary protein, vitamins and minerals for animals in developing countries (Katongole et al., 2011) . It has been reported that ruminants can tolerate dietary incorporation of these by-products to an extent of 50% since they have the potential to digest fibre effectively compared with non-ruminants (Boucque & Fiems, 1988) . Incorporation of these by-products in the diets of ruminants has been reported to reduce the risk of acidosis, which is associated with high grain diets (Ferreira et al., 2011) .
Discarded cabbage (Brassica oleracea var. capitata) is a vegetable by-product that is available in the fresh produce markets of Tshwane and Johannesburg in South Africa and could be considered a potential non-conventional feed resource for ruminants. Several studies (Gupta et al., 1993; Mekasha et al., 2002) have confirmed that cabbage contains 86 -140 g dry matter (DM)/kg, 137 -280 g crude protein (CP)/kg DM, 9 -17 g ether extract (EE)/kg DM and 186 g crude fibre (CF)/kg DM. In addition, 10.2 MJ metabolizable energy (ME)/kg DM, an 80.4% in vitro dry matter digestibility (IVDMD) (Mekasha et al., 2002) and 84% total digestible nutrients (TDN) (NRC, 2007) were reported for cabbage, making it a good source of nutrients for ruminants. However, cabbage is reported to contain S-methyl-L-cysteine sulphoxide and glucosinolates that depress intake by ruminants (Barry et al., 1984; Barry, 2013) .
Previous work in South Africa (Rajadevan & Schramm, 1989) has shown cabbage to be superior to kikuyu when fed to fish, but less work has been done to determine the optimal dietary supplementation of cabbage to ruminants. Although Wadhwa et al. (2006) reported good animal performance when cabbage was fed to goats, the performance of young lambs fed diets supplemented with cabbage might differ from that of goats because these small ruminants differ in their grazing behaviour and digestive dynamics (Nicol et al., 1987; Bartolome et al., 1998) . In addition, the goats used by Wadhwa et al. (2006) were six years old and weighed 62 kg live weight, while sheep feedlot operations in South Africa use weaned lambs that range between 22 and 26 kg live weight. The present study was therefore conducted to determine the effect of inclusion levels of cabbage on the nutrient utilization and growth performance of lambs.
Materials and Methods
Batches of discarded cabbage (conquistador and star 3301 cultivars, CPS Seedlings cc., Ciarrafarm, Mispah Road, Greytown, South Africa) were collected once a week for a month from Tshwane Fresh Produce Market, South Africa, and brought to the Agricultural Research Council, Animal Production Institute (ARC-API, South Africa). The material was cut to a chopping length of approximately 5 ± 2.35 cm (using butcher knives), sun-dried (to achieve at least 150 g DM/kg) and utilized in the animal feeding trial. After drying, the cabbage was thoroughly mixed and sampled for analyses and four diets with different inclusion levels of cabbage were then formulated (Table 1) to provide the minimum CP requirements of lambs (NRC, 2007) . The diets contained cabbage (DC) on an as fed basis: 0 (denoted as DC0), 100 g DC/kg (denoted as DC100), 150 g DC/kg (denoted as DC150) and 200 g DC/kg (denoted as DC200). The diets were fed to 36 South African Dorper ram lambs (18 -24 months old with a live weight of 22.5 ± 1.32 kg). The lambs were housed in individual metabolism crates (1.2 m length x 0.74 m width x 0.92 m height) in an insulated wellventilated barn. Nine lambs were randomly allocated to each diet. The amount of feed offered was always 10% higher than the previous intake to ensure ad libitum intake, and water was freely available. Prior to the start of the trial, lambs were identified with eartags, and treated against internal parasites with Valbazen® (Pfizer South Africa, 85 Bute Lane, Sandton, Gauteng, South Africa), and external parasites using deadline (Bayer PTY Limited, 27 Wrench road, Isando, Gauteng, South Africa). Twenty one (21) days were allowed for adaptation, followed by a 60 days growth and data collection period. Feed samples were collected weekly and analysed for dry matter (DM), organic matter (OM), CP, gross energy (GE), ether extract (EE), amylasetreated neutral detergent fibre (aNDF), acid detergent fibre (ADF) and acid detergent lignin (ADL), while metabolizable energy (ME) was estimated using the equation of Urriola et al. (2014) . Lambs were weighed at the start of trial and then at weekly intervals until the end. Feed samples were collected weekly and daily feed refusals per lamb were collected, weighed, mixed thoroughly and sub-sampled before the morning feeding. Dry matter intake (DMI), average daily gain (ADG) and feed conversion ratio (FCR) (kg feed/kg gain) were determined.
A nutrient digestibility study was conducted during the last 10 days of the growth study. It consisted of a three-day adaptation period to faecal bags and a seven-day collection period. Urine was collected in 10 L buckets, which contained 100 mL 10% sulphuric acid. Samples of faeces and urine were pooled for individual lambs during the collection period and sub-samples were collected for laboratory analyses. Apparent digestion coefficients were calculated from quantitative feed and faecal data collected during the experiment. All animals were treated according to the regulations of the Animal Ethics Committee of the ARC-API (APIEC 12/011).
The DM content for discarded cabbage, diets and faeces was determined by drying the samples at 60 ºC, until a constant weight was achieved, following the procedure of AOAC (ID 93.01, 2005) . After drying, the samples were ground through a 1-mm screen (Wiley mill, Standard Model 3, Arthur H. Thomas Co., Philadelphia, PA) for chemical analyses: CP (ID 976.05), OM (ID 942.05) and the EE (ID 954.01) were determined according to the procedure of AOAC (2005); the aNDF, ADF and the ADL according to the procedures of Van Soest et al. (1991) ; aNDF concentration using heat stable α-amylase (Sigma-Aldrich Co. Ltd., Gillingham, UK, no. A-1278) with sodium sulphite and ADF concentration using the Fibretec System equipment (Tecator Ltd., Thornbury, Bristol, UK). Separate samples were used for ADF and aNDF analysis and both included residual ash. The GE content in diets and faeces was determined with a bomb calorimeter (MC-1000 modular calorimeter, Energy Instrumentation, 135 Knoppieslaagte, Centurion, South Africa). The digestible energy (DE) values of the diets were determined by deducting energy in faeces from GE of diets. The ME was determined by deducting energy of urine and energy loss as methane (assuming 8% of GE is lost as methane) from the DE (McDonald et al., 2010) . Analysis of nitrogen (N) in the diets, faeces and urine samples was done according to AOAC (ID 976.05, 2005) .
The experiment was designed as a completely randomized blocked design replicated nine times, and data were analysed using the Genstat (2011) statistical programme. Data of the means for the chemical composition, growth performance and nutrient digestibility in lambs were subjected to a one-way analysis of variance (ANOVA). Means of significant effects were compared using Student's t-LSD (least significant difference) at a 5% significance level (Snedecor & Cochran, 1980) . The data were fitted in the model: Yij = µ + τi + βj + εij where Yij is the individual observations of the ith treatment and the jth replicate, µ is the general mean, τi is the effect of the ith treatment, βj is the effect of the jth replicate and εij is the random variation or experimental error. 
Results and Discussions
The chemical composition of fresh cabbage shows that it is low in DM (147 g DM/kg), but high in CP content ( Table 2) . The low DM content of the cabbage suggests that it should be incorporated in a diet rather than fed as sole diet ingredient to ruminants because of the risk of poor animal performance (Nkosi & Meeske, 2010) . The cabbage of the present diet was therefore sun-dried and a DM content of 825 g was achieved. The CP content of cabbage in the present study was 183 g CP/kg DM (Table1), making it a good source of protein for ruminants. Gupta et al. (1993) reported higher levels of CP (280 g CP/kg DM) in cabbage. Differences in protein level might be attributed to source of origin or species/variety of cabbage (Khan & Atreja, 2005) . The nutritive value of the discarded cabbage in this study was consistent with that reported for cabbage by Gupta et al. (1993) , Mekasha et al. (2002) and Negesse et al. (2009) .
The experimental diets were isonitrogenous and isoenergetic (Table 3 ) and a similar animal growth performance was expected. However, dry matter intake (DMI) was depressed (P <0.05) with increased level of discarded cabbage (Table 4) . Patridge et al. (1985) also reported a reduced DMI when cabbage replaced barley in the diet of rabbits. This reduced DMI owing to the cabbage could be attributed to i) increased dietary fibre (aNDF, ADF and ADL) in cabbage containing diets, which might have reduced the palatability and feed intake of the diets; and ii) the presence of S-methyl-L-cysteine sulphoxide and glucosinolates, which are known to depress feed intake in ruminants fed diets containing brassica (Barry et al., 1984; Barry, 2013) . According to Duncan & Milne (1992) , adult sheep (45 -55 kg live weight) developed a resistance to brassica glucosinolates by degrading allyl cyanide in the rumen. They demonstrated this by using Scottish Blackface wethers that consumed a diet containing 80% fresh cabbage DM per day. In the present study young growing lambs were used, that are reportedly more sensitive to glucosinolates than adult or older ruminants (Tripathi & Mishra, 2007) . In the absence of a detailed analysis of S-methyl-L-cysteine sulphoxide and glucosinolates in the present study, future research should focus on these factors when cabbage wastes are fed to growing lambs. According to Wadhwa et al. (2006) , cabbage leaves have excellent palatability when fed to goats. The ingestive behaviour of goats, however, differs from that of sheep (Nicol et al., 1987; Bartolome et al., 1998) . The ADG of lambs fed the diets containing cabbage was lower (P <0.05) compared with lambs fed the control diet (Table 4 ). This might be attributed to the higher intakes of CP and energy by lambs fed the control diet compared with the other diets, since efficiency of gain is closely related to feed intakes (Haddad & Husein, 2004) . Haddad & Husain (2004) also reported higher gains in Awassi lambs when their CP intakes were higher than when CP intakes were lower. The inclusion of cabbage in the diet reduced the growth performance of lambs. It has been reported that a diet that supplied less than 7 MJ digestible energy (DE)/kg resulted in a reduced rate of gain and feed efficiency (Beauchemin et al., 1995) . However, the DE in the experimental diets was above this threshold (Table 4) and lambs gained between 271 and 223 g/d. Phosphorus 3 ± 0.46 ME, metabolizable energy; aNDF, amylase treated neutral detergent fibre. *Triplicate analyses on three batches of cabbages at three different sampling times. ** Calculated as: ME = −261 + (1.05 x GE) -(7.89 x CP) + (2.47 x aNDF) -(4.99 x EE) (Urriola et al., 2014) . Phosphorus 3.7 3.7 3.7 3.8 ME: metabolizable energy; aNDF: amylase treated neutral detergent fibre. Treatments: DC0: control; DC100: 100 g DC/kg; DC150: 150 g DC/kg; DC200: 200 g DC/kg (as fed basis). *Calculated as: ME = −261 + (1.05 x GE) -(7.89 x CP) + (2.47 x aNDF) -(4.99 x EE) (Urriola et al., 2014) .
Although lambs in the present study gained >150 g/d, the FCR obtained was higher than 5, which means that more feed was required per kg of weight gain. Chestworth et al. (1996) reported FCRs that ranged from 5.5 to 6.0 for Omani sheep fed on diets based on Rhodes grass hay and palm fronds, consistent with our study. In addition, Alhomidy et al. (2011) recorded a poorer FCR of 7 in lambs fed concentrates that contained discarded dates. In contrast, Haddad & Husein (2004) recorded FCR of 3.8 in lambs fed a high concentrate diet.
The digestibility of DM, OM, energy, EE and fibre followed a similar pattern to the growth study (Table  4) . However, the intake and digestibility of diets in the present study were high and comparable with those reported by Tripathi & Mishra (2007) . One of the key goals of protein nutrition research in ruminants is to optimize the efficiency of utilization of dietary N to maximize growth (Frutos et al., 2004) . The N retention is considered the most common index of protein nutrition status in ruminants (Owen & Zinn, 1988) . However, the differences in the quantities of N excretion in faeces and its influences on N retention reflected the differences in N intake between the diets (Table 5 ). The improved digestibility of N in the DC0 diet is an indication that there was increased N absorption, showing a more efficient N use compared with cabbage containing diets. A reduced (P <0.05) N retention occurred in diets that contained cabbage, which indicates that increasing cabbage in lamb diets has an adverse effect on N metabolism in the lambs. This is consistent with the findings of Partridge et al. (1985) , who reported that reduced N retention occurred in rabbits fed diets containing higher levels of cabbage. The highest (P <0.05) N retention (g/d) was found in the zero cabbage diet compared with the other diets, indicating a more efficient utilization of dietary N on this diet. The reduced N retention and increased faecal N excretion in lambs fed diets containing cabbage could presumably be due to high fibre intake or the presence of both S-methyl-L-cysteine sulphoxide and glucosinolates in the cabbage supplemented diets.
Conclusions
The study showed that cabbage could be incorporated in the diets of growing lambs. However, increasing the inclusion of cabbage in the diets of growing lambs caused small but progressive depressions in the digestibility of DM and OM, growth performance and N retention in lambs compared with diet that contained no cabbage. In addition, work is needed to determine to what extent the S-methyl-L-cysteine sulphoxide and glucosinolates in cabbage supplemented diets could cause depression in growing ruminants.
